Schizophrenia patients poorly perceive Kanizsa figures and integrate co-aligned contour elements (Gabors). They also poorly process low spatial frequencies (SFs), which presumably reflects dysfunction along the dorsal pathway. Can contour grouping deficits be explained in terms of the spatial frequency content of the display elements? To address the question, we tested patients and matched controls on three contour grouping paradigms in which the SF composition was modulated. In the Kanizsa task, subjects discriminated quartets of sectored circles ("pac-men") that either formed or did not form Kanizsa shapes (illusory and fragmented conditions, respectively). In contour integration, subjects identified the screen quadrant thought to contain a closed chain of co-circular Gabors. In collinear facilitation, subjects attempted to detect a central low-contrast element flanked by collinear or orthogonal high-contrast elements, and facilitation corresponded to the amount by which collinear flankers reduced contrast thresholds. We varied SF by modifying the element features in the Kanizsa task and by scaling the entire stimulus display in the remaining tasks (SFs ranging from 4 to 12 cycles/deg). Irrespective of SF, patients were worse at discriminating illusory, but not fragmented shapes. Contrary to our hypothesis, collinear facilitation and contour integration were abnormal in the clinical group only for the higher SF (4 ¼ 10 c/deg). Grouping performance correlated with clinical variables, such as conceptual disorganization, general symptoms, and levels of functioning. In schizophrenia, three forms of contour grouping impairments prominently arise and cannot be attributed to poor low SF processing. Neurobiological and clinical implications are discussed.
a b s t r a c t
Schizophrenia patients poorly perceive Kanizsa figures and integrate co-aligned contour elements (Gabors). They also poorly process low spatial frequencies (SFs), which presumably reflects dysfunction along the dorsal pathway. Can contour grouping deficits be explained in terms of the spatial frequency content of the display elements? To address the question, we tested patients and matched controls on three contour grouping paradigms in which the SF composition was modulated. In the Kanizsa task, subjects discriminated quartets of sectored circles ("pac-men") that either formed or did not form Kanizsa shapes (illusory and fragmented conditions, respectively). In contour integration, subjects identified the screen quadrant thought to contain a closed chain of co-circular Gabors. In collinear facilitation, subjects attempted to detect a central low-contrast element flanked by collinear or orthogonal high-contrast elements, and facilitation corresponded to the amount by which collinear flankers reduced contrast thresholds. We varied SF by modifying the element features in the Kanizsa task and by scaling the entire stimulus display in the remaining tasks (SFs ranging from 4 to 12 cycles/deg). Irrespective of SF, patients were worse at discriminating illusory, but not fragmented shapes. Contrary to our hypothesis, collinear facilitation and contour integration were abnormal in the clinical group only for the higher SF (4 ¼ 10 c/deg). Grouping performance correlated with clinical variables, such as conceptual disorganization, general symptoms, and levels of functioning. In schizophrenia, three forms of contour grouping impairments prominently arise and cannot be attributed to poor low SF processing. Neurobiological and clinical implications are discussed.
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Introduction
Schizophrenia is a devastating psychiatric disorder characterized by delusions, hallucinations, disorganized thought, erratic behavior, affective and volitional disturbances, and a decline in functioning. Recent studies from brain imaging and visual psychophysics have revealed a constellation of visual abnormalities that cannot be readily identified from standard clinical interviews. One such abnormality is in what might be generically termed "contour grouping" (CG) 1 , which represents smooth, well-formed contours on the basis of the relative positions and orientations of spatially discrete line elements. Contour grouping is of interest not just because it has been repeatedly shown to be abnormal in schizophrenia (for reviews, see Silverstein and Keane, 2011; Uhlhaas and Silverstein, 2005) , but also because it is important in its own right, enabling species throughout the animal kingdom to rapidly identify the number and shape of the objects that they visually confront (Mandon and Kreiter, 2005; Nieder, 2002) . The underlying neurobiology of contour grouping is also well-explored, involving long-range horizontal connections between orientation-tuned, co-aligned, spatial frequency filters in early visual cortex, and also feedback from higher-order visual areas, such as lateral occipital complex (Grossberg and Mingolla, 1985; Lee and Nguyen, 2001; Seghier and Vuilleumier, 2006 
